This paper focus on the operational reliability evaluation in power distribution system. Operational reliability evaluation means to forecast the future reliability for the current system. As the structure of distribution network being more and more complex while the requirement of safety and reliability being more and more strict, it is necessary to study new method and technology to evaluate the operational state of distribution network. This paper proposed a 4-dimention operational reliability index system of distribution network and a dimension reduction method. The 4-dimention operational reliability index system includes four main index sets and each main index set has several sub indexes. In order to simplify the evaluation process, this paper proposed a dimension reduction method based on principal component analysis method. Test results show that the proposed method can simplify the evaluation on the basis of keeping the main information.
Introduction
Operational reliability of distribution network is actually a real time analysis problem which refers the ability to provide electric power and electric quantity according to the user's acceptable quality standards and quantity requirements uninterruptedly, while considering the self health status of meter and equipment, external environment condition, system operating conditions and system running behavior in short time [1] . As for operational reliability evaluation, we should show the situation of load loss, the situation of overload and overvoltage, the security margin of voltage and load flow of the power distribution system both for the short-term and long-term state. Meanwhile, we should not only comprehensively describe the overall system reliability, but also can describe the reliability of key components, key buses and key areas. According to the requirements, it is necessary to propose an evaluation index system. This paper firstly proposed a 4-dimention operational reliability index system, which includes four main index sets and each main index set has several sub indexes. And then in order to improve evaluation efficiency, this paper studied a dimension reduction method based on principal component analysis (PCA) and big data in power system. The remainder of the paper is organized as follows: First analyzes the sources of big data in distribution network. Then establishes the 4-dimension operational reliability index system in power distribution system. And then the dimension reduction method for operational reliability indexes based on principal component analysis is introduced. The test results of a practical distribution network is shown in the following section. Finally, the main contributions of this paper are summarized.
Big Data in Power Distribution System
With the scale of the distribution network becoming larger and larger and the power system becoming more and more intelligent, more and more data is being collected, transmitted and applied in all kinds of the all kinds of acquisition, analysis and management system. The quantity of these Data grows in a geometric level, and covers not only the information of distribution system operation, monitoring, scheduling, maintenance, marketing and other business, but also includes a large number of economic and social data [2] . These data provides the basis for analysis of distribution network.
According to the definition of operational reliability, the related data includes historical operating conditions of all kinds of equipment and device, status information of all types of equipment, outage condition and operation condition of outage time, all kinds of signals that occur at system running time, geographic information, weather, field environment and image data and so on. This data comes from all kinds of platforms and systems in power distribution system, as shown in Table 1 . Table 1 . The big data sources in distribution system.
4-dimension Operational Reliability Index System
According to the operational requirements of operational reliability evaluation, we should show the load loss of power distribution system and the load margin, the situation of overload and overvoltage, the security margin of voltage and load flow. Meanwhile, we should not only comprehensively describe the overall system reliability, but also can describe the reliability of key components, key buses and key areas. And we also should evaluate both the short-term, and long-term state. In response to these needs, we proposed a 4-dimention operational reliability index system of distribution network, which includes state dimension, degree dimension, hierarchical dimension and time dimension, as shown in Fig.1 . Each dimension includes a plurality of sub indicators, as shown in Table 2 . 
Dimension reduction method based on Principal component analysis
As shown in Table 2 , there will be a large amount of evaluation indexes for a large scale distribution network and it is hard to modeling and computing each index. So we propose a dimension reduction method by means of principal component analysis (PCA) to delete the repeated or strong-correlated index and extract the several main indexes which are uncorrelated or weak-correlated but contain the vast most of the original information [3] . The specific method is as follows.
Step.1 Get the probability distribution function of each index based on big data, and then convert them to standard normal distribution by normalization process. The corresponding normal distribution variable Z to the original index variable X is shown in Eq.1.
X X Z
where X is the mean value of Variable X and  is the standard deviation.
Step.2 Establish the correlation matrix R of all normalized indexes as shown in Eq.2. 
where n is the number of all indexes. 
where E is an unit matrix.
Step.3 Calculate the variance contribution rate and cumulative variance contribution rate of the Index i by using Eq.5 and Eq.6. Step.4 Select a certain value %  according to the actual demand as the minimum value of the total variance contribution rate. The least natural number k Which satisfies
is the number of the principal component. These
contain the vast majority of information contained in the N original indicator variables.
Step.5 Determine the main evaluating indexes by the following method. 
Tests and Results
This paper takes a certain medium-sized city which has about 500 medium voltage distribution feeders as an example. The data acquisition frequency is 4 times per hour. There are about 2 billion records in 10 years and contains all the collected and statistical data listed in Table 1 . For the reliability index evaluation of a certain load bus, there are about 350000 samples. As shown in Table 2 , for a short time evaluation, there are 15 sub indexes in all. Based on the method shown above, we can build the correlation matrix R of each index and get the eigenvalue of R . There are 8 characteristic roots and so we can get an 8-dimension component set, which can be noted as
. The variance contribution rate and cumulative variance contribution rate of each component is shown in Table 3 . 
Conclusion
The proposed dimension reduction method for operational reliability evaluation in power distribution system in this paper can effectively extract the main evaluation indexes which can reflect the vast majority of information. Based on the main indexes, it is easy to realize fast operational reliability evaluation and can accurately reflect the reliability level of key components, key buses, key areas and key indicators.
